By investigating the entire IPO pricing process, beginning when the offering is filed, the paper contributes to the existing literature along four dimensions. First, price updates during the registration period are predictable based on firm and offer-specific characteristics known at the time the offer is filed.
Introduction
The pricing of Initial Public Offerings (IPOs) is one of the more puzzling phenomena in finance. Prior empirical evidence shows that underwriters do not fully incorporate all available information into the IPO offer price in an unbiased way. The first day returns of IPOs average approximately 15%, indicating that there is a systematic downward bias in the offer price compared with the price in the secondary trading market. Further, the size of these initial returns varies predictably across firms. Prior literature has found that initial returns are significantly related to certain firm-and offer-specific characteristics, to the price update between the expected offer price stated in the preliminary prospectus and the final offer price, and to market returns before the IPO.
The process of pricing an IPO generally begins months before the offer price is set. Yet the majority of the existing IPO pricing literature has only focused on price changes between the offer price and the secondary market price. The objective of this paper is to examine the entire IPO pricing process, beginning at the time the issue is filed. By including more of the information that potentially contributes to the pricing of new issues, we hope to increase our understanding of the apparent biases in IPO pricing.
Several theories have been advanced to explain the predictability in initial returns, and we wish to see whether these theories can explain the dynamics of the entire IPO pricing process.
We focus on two of the more popular theories of IPO underpricing. First, Beatty and Ritter (1986) , Rock (1986) , and Baron (1982) assert that underpricing results from information asymmetry between the various parties involved in the IPO. Issues that are characterized by greater uncertainty are more underpriced to compensate for the higher costs of learning about these firms' true values. Many papers, including Beatty and Ritter (1986) , Megginson and Weiss (1991) , and Koh and Walter (1989) , find empirical support for the importance of information asymmetry as a determinant of underpricing. Second, Benveniste and Spindt (1989) posit that underpricing is related to the information underwriters obtain from informed investors during the registration period. Underwriters compensate these investors for the information they provide by only partially incorporating it into the offer price, thus allowing the informed investors to earn especially high returns on the first day the IPO firm trades. Consistent with this theory, Lundqvist and Wilhelm (2001) find that institutions who reveal more valuable information during the registration period are rewarded with higher allocations when such information is positive. Also, Cornelli and Goldreich (2001) and Hanley (1993) show that this private information learned during the registration period is only partially incorporated into the offer price.
In examining the entire IPO pricing process, our empirical analysis builds on prior work along four dimensions. While some of our findings are understandable based on existing theories, others remain a puzzle.
We begin our analysis of the IPO pricing process at the time the offering is filed. To file an IPO, the company must register with the Securities and Exchange Commission (SEC) a preliminary prospectus containing basic information on the company and the proposed offering.
Either in this preliminary prospectus or in an amended prospectus, the company provides a range of prices within which it expects to price the issue. The percent difference between the midpoint of this preliminary price range and the final offer price represents the price update. We find that the price update is significantly related to information that is publicly available when the IPO is filed, such as the underwriter rank, the industry of the IPO firm, and the exchange on which the stock will be listed. It seems that firm-and offer-specific characteristics can explain the price update in much the same way that they explain the initial return. While the ability of such variables to explain the initial return has been generally interpreted as supporting the information asymmetry hypothesis, it is difficult to reconcile their ability to explain the price update with the same theory. In fact, this puzzling relation between the price update and firm-and offer-specific characteristics does not seem consistent with the existing theories of IPO pricing. Our findings suggest that underwriters do not incorporate all available information when setting the range of expected offer prices.
Second, we examine the relation between the price update and general movements in market prices. For a sample of IPOs, we collect the date of the first prospectus containing the range of expected offer prices. Conceptually, the price update should be related to information that becomes available between the release of this prospectus and the setting of the final offer price, typically the day before the offering. Thus, we expect market returns over this period to be most strongly related to the price update. Consistent with Loughran and Ritter (2000) , we find that companies and their underwriters do adjust the offer price in response to recent market movements. However, we find that market returns over fixed intervals before the IPO have higher explanatory power than those that are linked to the time between the initial revelation of the expected price range and the offer date. Specifically, our results show that market returns over the three months before the offer are reliably related to the price update. We note that this is a substantially longer period of time than the three weeks over which Loughran and Ritter measure market returns. Further, given that the registration period averages only two months, these findings raise further questions about how companies and their investment bankers set the range of expected offer prices that is stated in the preliminary or amended prospectus. The existing theories of IPO pricing do not seem to provide an adequate explanation for this phenomenon.
Third, we allow for the possibility that positive information learned during the registration period is not incorporated into the pricing of an IPO in the same manner as negative information. Benveniste and Spindt's (1989) partial updating theory asserts that underwriters only partially incorporate positive information they receive regarding firm value into the offer price, thus providing compensation (in the form of higher initial returns) to the investors who provided them with this information. However, both underwriters and investors should want to avoid losses on overpriced issues, suggesting that negative information should be fully incorporated into the offer price. Consistent with this intuition, our empirical analysis shows significant differences in the effects of positive versus negative information on the pricing of IPOs. Investment bankers appear to incorporate negative information more fully into the offer price than positive information.
Finally, we compare the effects of public versus private information learned during the registration period on the pricing of an IPO. Loughran and Ritter note that under Benveniste and Spindt's partial updating theory, private information should be only partially incorporated into the offer price, but public information should be fully incorporated. Following Loughran and Ritter, we use market returns to proxy for public information. Our results are generally consistent with Benveniste and Spindt's theory. We find that public information is fully incorporated into the offer price, but private information is only partially incorporated. As discussed in more detail later, this finding contrasts with the findings of Loughran and Ritter (2000) and to some extent those of Benveniste, Wilhelm and Yu (2000) .
In summary, our results on the predictability of the price update, the asymmetry of positive versus negative information, and the extent to which public versus private information is incorporated into the offer price provide new evidence on the complexity of the IPO pricing process. While our results do not 'reject' any of the existing theories of IPO pricing, they show that no single existing theory comes close to explaining the numerous biases that exist.
Section 2 discusses the data that we use to examine the price updates and initial returns.
Sections 3 and 4 investigate the predictability of the price update and the initial return, respectively. In section 5 we conduct various robustness tests. Section 6 summarizes the results of the paper.
Data
To examine the biases in the pricing of IPOs, we obtain data on all firms that went public between 1985 and 1999 from the Securities Data Corporation (SDC). Unit IPOs, closed end funds, real estate investment trusts (REITs), and American Depositary Receipts (ADRs) are excluded. Section 2.1 defines our IPO pricing measures as well as the explanatory variables that we use in our empirical tests. Section 2.2 investigates the issue of sample selection, which potentially affects our empirical analysis. 
SDC Data on Individual IPOs
The pricing of an IPO can be thought of as occurring in three stages, as illustrated in figure 1 . First, the firm and its underwriters agree on a range of prices within which they expect to set the offer price. This price range is listed in a prospectus that is filed with the SEC. Some companies include this price range in the preliminary prospectus that is filed when the offering is registered, while other companies set the price range in an amended registration statement that is filed between the initial registration date and the IPO date. Data on the original registration dates are available on SDC, but Loughran and Ritter (2000) emphasize that there are often amended filings after the original registration statement that do not appear in the SDC database. We investigate the exact timing of the first available pricing information using data from the SEC Electronic Data Gathering, Analysis, and Retrieval system (EDGAR) in 1996-97. Second, typically the day before the offering, the company and its underwriters set the final offer price. This is the price at which the issue is offered to the public. Finally, when the issue starts trading we observe the market's assessment of the value of this firm.
For each IPO, the price update (∆P) equals the percentage change between the midpoint of the filing range and the offer price. The initial return (IR) equals the percentage change between the offer price and the first closing price. To determine the first closing price of a particular issue, the first closing price from the Center for Research in Securities Prices (CRSP)
is used if price data are available within 14 days of the offer date. If CRSP data are not available, we try to obtain the closing price on the first day of trading from SDC. If that is not available, the close on the second day or otherwise the end of the first week of trading is used.
We examine the predictability of both the firm-level price update and initial return, based on a number of firm-and deal-specific characteristics. For each firm, we identify the underwriter from SDC and assign an underwriter rank (RANK) based on the Carter, Dark, and Singh (1998) measures. The ranks range from 0 to 9, with higher numbers representing higher quality underwriters. Underwriters that are not included in this classification are assigned a rank of 0. Using the SDC classification system, we also assign each firm a technology dummy (TECH), equal to 1 if the firm is in a technology industry and 0 otherwise. To capture the effects of firm size, we collect data on total assets before the offering (TA) and number of shares filed (SHRS) from SDC, both of which are transformed using logarithms to reduce the skewness in these data. In addition, TA is transformed into 1983-dollar values using the Consumer Price Index (CPI) to adjust for the effects of inflation. We form three exchange dummies, NYSE, NMS, and AMEX, where each dummy equals 1 if the IPO was listed on that market, and 0 otherwise.
Many researchers have noted that IPO pricing is affected by the risk of the issuing firm. This is not generally measurable at the time of the IPO, although investors and underwriters clearly form opinions about this important attribute when setting the IPO price. We follow the tradition in the literature of proxying for the ex ante risk of the IPO stock using volatility of the IPO stock return in the secondary trading market. VOL is the market-adjusted volatility of the IPO stock return, equal to the standard deviation of daily returns to the IPO stock in trading days 22 through 63 after the IPO (the second and third months of secondary market trading, skipping the first month to avoid the effects of price supports, if any) minus the standard deviation of daily returns to the CRSP equal-weighted market portfolio of NYSE, Amex, and Nasdaq stocks during the same period.
1 Loughran and Ritter (2000) analyze the reaction of the price update to public information that becomes available during the registration period as reflected in the return to the CRSP valueweighted portfolio over the 15 days before the IPO. Because IPO stocks tend to be small, we use the CRSP equal-weighted return to measure the public information that becomes available during the registration period. Also, in section 3.2 we measure market returns over several time intervals to see how current and past market movements affect IPO prices.
To investigate the possibility that positive and negative information learned during the registration period affect the offer price differently, we define two asymmetry measures. First, ∆P + equals ∆P when the price update is positive, and zero otherwise. Similarly, MKT + equals MKT when the market returns during the registration period are positive, and zero otherwise.
Thus, in our cross-sectional regression models, the coefficients on these variables measure the differences between the effects of positive versus negative information, if any.
We focus on data from 1985-97 in our tests because there is evidence that the IPOs in 1998 and 1999 had substantially different behavior. The effects of limiting our sample period in this manner are investigated in detail in section 5.
Sample Selection Bias
The goal of this analysis is to explain the IPO pricing process. How do IPO prices get updated between the initial prospectus and the final IPO, and how does the after-market price of the stock relate to the IPO offer price? The tests control for the characteristics of the IPO firms and of the transactions. The regression models, however, require full data on the explanatory variables. The data sources (SDC and CRSP) do not have complete information on all of the variables for many firms. (1) and (2) are probably related to the calendar patterns seen in columns (5) and (6). For example, the greater proportion of technology firms in the regression sample is probably related to the fact that data from recent years are more likely to be in the regression sample, and there were a lot of technology-related IPOs from 1995-97.
The most important message to get from table 1 is that the firms with missing or incomplete data are not random. Thus, at a minimum, we must be cautious in interpreting our regression results to realize that they may not be representative of the firms with incomplete data.
Predictability of Price Updates
The pricing of an IPO begins at the time the IPO is filed, and thus we begin our analysis of the pricing process at this point. This section examines whether underwriters fully incorporate available information into the expected offer price.
Predictable Bias in the Price Update at the Filing Date
The first thing to note about the price update is that the average price update is negative (-2.800 in table 1) and a simple t-test for whether this is reliably different from 0 equals -9.17.
Thus, on average the IPO price is about 2.8% below the mid-point of the initial filing range. estimates of a regression model that explains the price update that occurs between the date of the first prospectus with pricing information and the offer date, conditional on information that is publicly known at the time the offering is filed,
where the variables have been defined above.
We find that many of these predetermined variables predict the IPO price update. For example, IPOs underwritten by highly ranked investment bankers are likely to have larger price updates (t-statistic of 4.57 in column (2)). Technology firms also tend to have larger price updates (t-statistic of 3.56). On the other hand, holding other things constant, firms that are larger are likely to have smaller price updates (t-statistic of -3.03 on total assets). Finally, the exchange the offering lists on is also significantly related to the price update. Specifically, firms that list on NYSE and NMS tend to have larger price updates (t-statistics of 3.90 and 2.34), while firms that list on AMEX have smaller price updates on average (t-statistic of -2.90).
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The regression in column (1) pools IPO price updates across the 1985-97 period, but to the extent that there are known cycles in the IPO market (see, for example, Ibbotson, Ritter, and Sindelar (1988, 1994) and Lowry and Schwert (2001)), it is likely that the regression errors for firms with IPOs close together in time are correlated. One simple way to check the severity of this problem is to use a bootstrap estimator similar to Fama and MacBeth (1973) . Column (3) in table 2 shows the average of the estimates of the coefficients in (1) when they are estimated yearby-year from 1985-97. Each t-statistic in column (4) is based on the standard deviation of the time-series of estimates. The Fama-MacBeth estimates and tests in columns (3) and (4) generally support the regression estimates in columns (1) and (2). The estimate of the NMS-listing variable changes sign, suggesting that this effect is not stable across the sample, but this is the only substantial difference between the pooled and Fama-MacBeth results.
The estimates in the right panel of table 2, columns (5) These results imply that there is a predictable bias in the adjustment from the initial file range to the final IPO price. The explanatory power of these regressions is low (between 2% and 4%), because there is a lot of uncertainty about the IPO price at the time that the initial filing range is set. However, there are systematic patterns in price updates that are significantly related to the characteristics of the issuing firm, the offering, and the underwriter.
The literature on IPO pricing has often used variables such as those in table 2 to explain initial IPO returns as a test of theories about asymmetric information. However, it is not clear to us how these theories would predict any particular pattern in price updates. It seems that companies and their underwriters do not incorporate all available information when setting the range of expected offer prices. Consequently, certain types of IPOs tend to have larger price updates than others.
To assess the economic significance of these relations, we allow each explanatory variable to vary by one standard deviation and calculate the consequent effect on the price update. Rank, tech, and volatility have the largest effect on the size of the price update. A one standard deviation change in each of these variables is associated with approximately a 0.1 standard deviation change in the price update, i.e. approximately 1.7%. While the total effect on the price update obviously depends on the correlation between the independent variables, this simple calculation suggests that the economic significance of these relations is relatively low. In other words, there is a lot of variability in the price update that is unrelated to the regression model.
Thus, the results indicate that the price update is predictable based on information that is publicly available at the time the offering is filed. It is important to note, however, that investors cannot buy in at the expected offer price, so the predictability of the price update does not represent a profit opportunity, nor is it a cost for the issuing firm. In addition, these relations are not highly significant in economic terms.
Price Updates and Market Returns
As noted earlier, Loughran and Ritter (2000) analyze the relation between price updates and the 15-day return to the CRSP value-weighted portfolio, and they find that the price update is significantly related to the market return. We examine this relation in more depth to better understand how public information that becomes available prior to the IPO affects the final offer price.
To investigate the relation between price updates and contemporaneous market returns, we use several measures of market returns during the registration period, and in some cases before the initial registration date. The variable shown in table 1, MKT, is the CRSP equalweighted return between the initial registration date and the day before the IPO. For 554 of the firms that went public in 1996 and 1997, we obtained the date of the first prospectus that included the initial filing range of prices from EDGAR. In about 60% of the cases, the initial prospectus included the file range, while for the remaining 40% of cases the first pricing information was released later in an amended prospectus. Across all cases, the average number of trading days between the first price range and the IPO was 44 days, or about 75% of the entire registration period. For these 554 firms, we measure the CRSP equal-weighted market return between the date of the first prospectus with pricing information and the day before the IPO, MKTMATCH.
Another approach to measuring the effect of market movements on IPO pricing is to measure market returns over a fraction of the entire registration period (file date to day before offer). In particular, we use intervals equal to 25%, 50%, and 75% of the registration period.
Because these measures do not rely on the exact date on which the price range became available, they can be calculated for our entire sample. For each interval we measure market returns ending on the day before the IPO and moving backwards the requisite number of days to cover these proportions of the registration period, where our measure MKT covers 100% of the registration period. The measures MKT25%, MKT50%, and MKT75% should reflect information about market valuations that occur in the latter parts of the registration period, just before the IPO price is set.
Panel A of table 3 shows regressions of the price update (∆P i ) on market returns over the period between the first pricing information and the setting of the IPO price (MKTMATCH). It also shows regressions of the price update on market returns over fractions of the entire registration period, MKT25%, MKT50%, MKT75%, and MKT for the sample of firms for which we have information from EDGAR. Interestingly, the estimates of β are similar across all measures of market return that are linked to the entire registration period, MKT25% to MKT.
The coefficient estimates on all of these variables are approximately 0.45. While the t-statistics and R 2 's increase as the intervals increase, this is somewhat mechanical. Note that the dependent variable is the same across all these regressions and the slope estimates are similar.
Consequently, the larger variance of the longer period market returns yields larger t-statistics and R 2 measures.
Perhaps most surprising is that the market return that is matched to the period of the price update, MKTMATCH, has the lowest coefficient estimate (0.30, with a t-statistic of 2.08).
Contrary to our intuition, market returns between the setting of the initial price range and the actual offer do not appear to be the most relevant. Rather, the importance of market returns seems to be independent of the exact time that the initial price range was set. It is also notable that although MKT incorporates returns prior to the release of the expected offer price for many firms, this coefficient is substantially larger and more significant than that on MKTMATCH.
This suggests that price updates between the initial filing range and the IPO price react to market movements that precede the announcement of the initial filing range. Table 4 investigates this possibility in more depth.
Panel B of table 3 shows estimates of the sensitivity of the price update to market returns over fractions of the registration period, MKT25% to MKT, for the all SDC firms from 1985-97.
As in Panel A, the estimates of β are similar for all of the measures of market return, although these estimates are smaller than in Panel A, around 0.15. Again, the larger variance of the longer period market returns yields larger t-statistics and R 2 measures. Table 4 considers the general effects of recent market movements on IPO price setting, independent of the length of the registration period. We measure the equal-weighted CRSP return for periods of 5, 10, 15, 20, 25, 35, 40, 45, 50, 75, 100, 125 , and 250 trading days before the IPO (denoted MKT5 to MKT250) and measure the strength of the relation between price updates and these alternative measures of market returns. substantially attenuated in the Fama-MacBeth regressions, the finding that market returns up to one year contribute to the price update, with MKT50 being the most significant, remains.
As a final check on the relation between price updates and market movements , table 5 shows a multiple regression of the price update against 13 weeks or months of lagged market returns, Together with the results in tables 3 and 4, this implies that while issuing firms and their underwriters do adjust the IPO price in response to recent market movements, this adjustment does not seem to be linked to the date on which the initial price range is first revealed. Further, since the registration period averages 2 months, our findings indicate that market returns prior to the setting of the initial price range contribute to the price update. This is puzzling because it implies that companies and their underwriters do not fully incorporate recent market returns into the expected price range that is declared in the preliminary or amended prospectus.
The results in tables 3, 4, and 5 also show that all of the coefficients on market returns are less than 1. This indicates that companies and their underwriters adjust the offer price less than one-for-one with overall movements in market values in the months before the IPO. In contrast, Ibbotson (1975) , Clarkson and Thompson (1990) and Chan and Lakonishok (1992) find that the beta of IPOs shortly after going public is greater than 2. If IPO firms have similar risk levels prior to the actual offer, then the low β estimates in tables 3, 4, and 5 suggest that the price update represents only a partial adjustment to the public information reflected in market returns.
Such a finding would be inconsistent with Benveniste and Spindt's model, as originally noted by Loughran and Ritter.
An alternative interpretation of the low β estimates is that they reflect the lack of trading in these pre-IPO stocks. Gintschel (2000) shows that returns to NYSE, Amex, and Nasdaq stocks during non-trading periods, which are measured from quote revisions, are much less sensitive to market returns than returns based on trading prices. Since the price update is essentially a quote revision, Gintschel's evidence is directly comparable. Whether the low sensitivity of market maker and investment bankers' quotes to market movements is rational or not remains an interesting question.
The extent to which public information is incorporated into market returns is examined further in section 4.3. 
Predictable Bias in the Price Update at the IPO Date
Market returns (MKT50) are measured using the CRSP equal-weighted return for the 50 trading days before the IPO. MKT50 + equals MKT50 when the market return is positive and zero otherwise. We include both MKT50 and MKT50 + to allow for an asymmetric response of the price update to the market return. As discussed earlier, it is plausible that investment bankers may not treat positive and negative information equally. For example, if they are risk averse, they will tend to incorporate negative information more fully into the offer price than positive information. This enables them to share gains on underpriced issues but avoid losses on overpriced issues.
Column (1) in table 6 shows estimates of equation (3) The main difference from table 2 is that the coefficient on after-market volatility, VOL, is smaller (-2.057 versus -3.000). This difference is potentially driven by the interaction between MKT50 and after-market volatility. French, Schwert, and Stambaugh (1987) find that increases in stock prices tend to be followed by decreases in market-wide volatility, and Schwert and Seguin (1990) show that there is a strong market factor in the time-varying volatility of individual firms. 3 Thus, it is possible that the significant coefficient on volatility in table 2 was driven by correlated omitted variables. After controlling for market returns prior to the offering, the negative relation between firm volatility and the price update is weaker.
Columns (3) and (5) (3) and (4), indicating that the other relations are stable over time.
Predictability of Initial Returns
The process of updating the price of the issuing firm's stock takes another large step when the IPO occurs. It is well known that the percent change between the offer price and the secondary market price (the initial return) is large on average, but also highly variable across firms. Section 4.1 examines the predictability of initial returns based on firm and offer-specific characteristics that are known at the time the issue is filed. In section 4.2, we investigate the extent to which information learned during the registration period is incorporated into the offer price. Intuitively, if such information is entirely incorporated into the offer price, then it should have no significant power to explain initial returns. Finally, section 4.3 attempts to differentiate between the effects of private versus public information learned during the registration period.
Benveniste and Spindt's (1989) model provides a rational explanation for why private information should only be partially incorporated into the offer price. However, Loughran and Ritter's (2000) findings suggest that both public and private information are only partially incorporated into the offer price, which is inconsistent with Benveniste and Spindt's model.
The Effects of Firm-and Offer-specific Characteristics
The information asymmetry theories of Beatty and Ritter (1986), Rock (1986) , and Baron (1982) suggest that issues characterized by greater uncertainty will tend to be more underpriced to compensate investors for learning the true value of these issues. Prior work, including Beatty and Ritter (1986), Megginson and Weiss (1991) , and Koh and Walter (1989), has found support for these information asymmetry theories in cross-sectional analyses. Table 7 re-examines this issue, employing both pooled cross-sectional regressions and Fama-MacBeth regressions. In controlling for the possible correlation of regression errors of IPOs close together in time, the Fama-MacBeth regressions examine the robustness of prior findings.
As a starting point for our initial return analysis, we focus on information that is available at the time the offer is filed. Specifically, column (1) of table 7 estimates the following regression,
where the variables were described in section 2. The regression in column (3) adds volatility as an unbiased estimator of information that is known to the market, but not to econometricians, at the time the offer is filed.
Our results are generally consistent with the findings of prior literature in that offerings subject to greater information asymmetry tend to be underpriced by a greater amount.
Specifically, we find that technology firms and smaller firms tend to have higher initial returns (t-statistics of 4.50 and -5.76 in column (4)). We also find that firms that list on Amex are less underpriced on average (t-statistic of -3.45). Interestingly, underpricing is not reliably related to after-market volatility (t-statistic of 1.56).
Columns (5) and (6) in table 7 show the Fama-MacBeth bootstrap estimates of the regression in column (3) and the associated t-statistics. Most of the estimates and their tstatistics are similar to those in columns (3) and (4), indicating that these relations are stable over time. One exception is the coefficient for listing on the Nasdaq NMS, which is positive in the pooled regressions and reliably negative in the Fama-MacBeth estimates.
The Effects of Information Learned During the Registration Period
When the IPO firm and its underwriters go on the road show prior to the offering, they presumably have two main objectives. They wish to market the issue to potential investors, and they seek to obtain more information on the true value of the firm. To the extent that this new information gets incorporated into the offer price, it contributes to a more accurate pricing of the new issue. Note that if such information were entirely incorporated into the offer price, then it would not be related to the initial return. Table 8 examines whether two measures of information learned during the registration period, market returns and the price update, are reliably related to the initial return.
Column (1) of table 8 includes all of the independent variables from table 7, plus two measures of the information that becomes available during the registration period, MKT50 and ∆P. Assuming underwriters employ both public and private information learned during the registration price to arrive at the ultimate offer price, the price update (∆P) should incorporate both types of information. In contrast, MKT50 should only reflect public information. Because we include both of these variables in one regression, to the extent that MKT50 captures the effects of public information on the initial return, the coefficient on ∆P should isolate the effects of private information.
As shown in tables 3, 4, and 5, market returns over different intervals appear to have varying effects on the offer price, and thus potentially on the initial return. For purposes of comparison with the results in earlier tables, we report results using MKT50. However, we also examine the sensitivity of our results to using market returns over other intervals.
As shown in table 8, we find that both information measures are significantly positive (tstatistics of 3.47 and 18.48 for MKT50 and ∆P, respectively). Consistent with the prior findings of Loughran and Ritter (2000), this suggests that underwriters only partially incorporate both the public and the private information that they learn during the registration period into the offer price. Consequently, such information contributes significantly to the initial return.
The price update regressions in section 3 suggested that underwriters incorporate negative information more fully into the offer price than positive information. Column (3) allows for a similar asymmetric effect in the initial return regressions. Specifically, we add both MKT50 + and ∆P + to the regression. We find that the effect of price update on initial returns is strongly asymmetric. A 10% increase in the price update corresponds to a 9% (0.184 + 0.712) increase in the initial return, while a 10% decrease in the price update corresponds to a smaller 1.84% decrease in the initial return. Thus, the size of the initial return tends to be lower after negative price updates than after positive price updates. In a contemporaneous paper, Bradley and Jordan (2001) obtain similar results. They also show that increases in the file range (in amended prospectuses) have a larger impact on initial returns than decreases in the file range.
As with the results in table 6, investment bankers and issuing firms adjust to negative information more fully than to positive information. This is consistent with underwriters trying to avoid losses on overpriced issues while allowing informed investors to share the gains on underpriced issues.
Once we allow for this asymmetry, neither of the MKT50 measures is reliably related to initial returns. The t-statistics for both MKT50 measures are less than one in absolute value, suggesting that public information learned during the registration period is fully incorporated into the offer price. To the extent that these market returns capture public information learned during the registration period, the low statistical and economic significance of these returns is consistent with Benveniste and Spindt and suggests that underwriters fully incorporate public information.
In contrast, the high statistical and economic significance of the price update indicates that they only partially incorporate private information. This finding is reassuring in the sense that
Benveniste and Spindt provide a rational incentive-based explanation for underwriters only partially incorporating private information, but similar theories do not hold for public information. 4 As a robustness check, we estimate the regression by specifying the asymmetric market return variable to be zero when MKT50 is positive and equal to MKT50 when it is negative (call it MKT50 -). With this specification, MKT50 is marginally significant (the coefficient equals 0.136 with a t-statistic of 2.39), while MKT50 -is not significant at conventional levels (the coefficient equals 0.052 with a t-statistic of 0.21). Given the large sample size the small size of the coefficients, this specification also provides little evidence that underwriters systematically exclude public information in pricing of IPOs.
The strength of this conclusion obviously depends on the extent to which market returns capture public information. It seems plausible that some of the public information that is learned during the registration period may not be incorporated in a market-wide index. For example, events in the issuing firm's industry may have ramifications for the firm's value. Such industry effects may include an overall increase in demand for the industry's products, circumstances related to a competitor, or changes in a supplier relationship, among other things. Such dynamics would be extremely hard to measure directly. At a minimum, public information that affects the overall market does appear to be fully incorporated into the offer price, and thus does not contribute to the initial return. Further, as discussed in the next section, sensitivity tests suggest that results are qualitatively similar after accounting for industry-level effects.
Our finding that public information learned during the registration period is entirely incorporated into the offer price contrasts with the conclusions of Loughran and Ritter (2000) and to some extent those of Benveniste, Wilhelm, and Yu (2000) . We thus briefly discuss the differences between the studies that led to these opposite conclusions. Loughran and Ritter estimate univariate regressions of the initial return on value-weighted market returns during the 15 days prior to the IPO, and they find that initial returns are significantly related to these market returns. Our results indicate that this relation becomes insignificant after controlling for the effect of the price update on initial returns and for the asymmetric manner in which investment bankers incorporate positive versus negative information. Benveniste, Wilhelm, and Yu find that public information, measured as S&P500 returns during the registration period, is significantly related to initial returns for mature industry firms, but not for immature industry firms. They conclude that their results are consistent with Loughran and Ritter, but that the differences between mature and immature industry firms suggest an alternative interpretation. Specifically, if some of the information embedded in S&P500 returns first became available through the bookbuilding process in the primary equity market, then underwriters may consider it to be private information and only partially incorporate it into the offer price. Because the S&P500 represents mature industry firms, it is more likely that such information originated during the bookbuilding periods of similar firms, resulting in a significant relation between the initial returns of mature industry firms and S&P500 returns.
Several other findings emerge from the table 8 regressions. For example, the coefficients on investment banker rank have opposite signs between tables 6 and 8. Rank is positively related to the price update, but negatively related to the initial return. This suggests a systematic conservative bias in IPO pricing by high quality investment banks early in the IPO process in the preliminary prospectus, but less conservatism when setting the actual IPO price.
Columns (5) and (6) We also estimate the regressions in table 8 using market returns over the entire registration period instead of MKT50. Results are qualitatively similar using this alternative measure. Specifically, once we account for asymmetric effects, market returns do not contribute significantly to the initial return. Again, this suggests that public information as represented by market-wide returns is fully incorporated into the offer price.
Robustness Checks
The tests above use data from 1985-97. We have also estimated similar tests extending the sample through 1999, but the extreme conditions in the IPO market in 1998-99 result in some unusual estimates when these additional years are included. Figure 2 shows the time series of estimates of the regression in column (5) of table 7, estimated year-by-year from 1985-99. It is obvious from figure 2 that the estimates of many of the coefficients in 1998 and 1999 are extreme outliers compared with the 1985-97 sample, so including these data could skew the conclusions for the entire sample.
WLS Fama-MacBeth Estimates from 1985-99
The dispersion of initial returns across different IPOs was much higher in 1998 and 1999, so any type of least squares (OLS) procedure, such as those used in tables 2 through 8, would
give inordinate weight to the data from the last two years. As one check on this conjecture, we used weighted least squares (WLS) to create Fama-MacBeth estimates for tables 2, 6, 7, and 8.
The weights used for each year are the cross-sectional standard error estimates for the regression coefficients. Using this WLS Fama-MacBeth procedure, the estimates from 1985-99 are similar to the OLS estimates from 1985-97. Thus, after controlling for the heteroskedasticity of the data, adding 1998 and 1999 does not change the conclusions we draw from the 1985-97 sample.
We chose to report and focus on the results from 1985-97 because it was not necessary to use complicated WLS procedures in our tests. The data are sufficiently stable within this period to use standard least squares procedures.
Industry Portfolios to Measure Public Information
Both prior empirical evidence and practitioner accounts suggest that industry dynamics have a substantial effect on the pricing of IPOs. In the table 8 regressions, we used the marketwide index to proxy for public information. To assess the importance of industry information, we define 13 industry groups based on SIC codes, and classify each IPO firm into one of these industries. We similarly classify all public firms into one of these industries and calculate equalweighted returns across all firms in each industry. We then estimate the regressions in tables 3, 4, 5, 6, and 8 using these industry portfolio returns in place of market-wide returns. For example, in tables 6 and 8 we substitute the equal-weighted industry returns during the 50 days prior to the offering (INDUS50) for MKT50, and INDUS50 + for MKT50 + .
While the industry returns tend to be slightly more significant than market-wide returns in explaining initial returns, the overall tenor of results is similar. For example, in panel A of table 3, industry returns between the setting of the initial price range and the actual offer have the lowest coefficient estimate, indicating that the importance of public information in the form of returns to related securities is not directly linked to the exact time that the offer price is set. In 
Conclusion
This paper examines the entire IPO pricing process to study the apparent biases in the pricing of new offerings. While some of our findings provide added support for one or more of the existing theories of IPO pricing, others cannot be explained with these theories.
We begin our analysis with the firm's revelation of the expected range of offer prices, which is announced at the time the offer is filed or in an amended prospectus. We find that there are significant biases in these expected offer prices. Specifically, the price update, defined as the percent difference between the midpoint of this file range and the final offer price, is predictably related to publicly known firm-and offer-specific characteristics. Apparently, companies and their investment bankers do not incorporate all available information when setting this price range. While significant relations between such characteristics and the initial return have been interpreted as supportive of information asymmetry theory, it is difficult to similarly explain the predictability of the price update.
We then investigate how information that becomes available during the book-building period is incorporated into the offer price. Our results show that companies and their underwriters update the offer price in response to recent market returns. However, this adjustment process does not seem to be directly related to the date on which the initial price range is first revealed. Underwriters appear to consider the past three months of market returns when they update the offer price, irrespective of when the initial price range was first revealed.
This finding provides additional evidence that all available information is not incorporated into the initial price range.
We also find that the response of the final offer price to information is asymmetric, with negative information being more fully incorporated than positive information. This is consistent with investment bankers trying to avoid losses on overpriced issues, but sharing the gains on underpriced issues with investors who are able to obtain shares in the IPO allocation.
Finally, the predictability of initial returns shows that underwriters only partially incorporate private information that is learned during the filing period into the final offer price, while public information is fully incorporated. This finding is consistent with Benveniste and Spindt's partial updating theory.
In summary, our results show that the IPO pricing process is a complicated function of many factors. Some of the dynamics are explainable under the information asymmetry theory or the partial updating theory, but other patterns remain puzzles. Column (1) shows the means for the variables used to estimate regression models in subsequent tables. IR is the initial return to IPO investors using SDC data from 1985-97, the percent difference between the IPO price and the secondary market price. ∆P is the percent price update between the middle of the range of prices in the initial registration statement and the offer price. ∆P + is the price update when ∆P is positive, and zero otherwise. RANK is the underwriter rank, from Carter, Dark, and Singh (1998) . TECH equals one if the firm is in a high tech industry [biotech, computer equipment, electronics, communications, and general technology (as defined by SDC)], and zero otherwise. TA equals the logarithm of real total assets (1983 dollars) before the IPO. SHRS is the logarithm of millions of shares filed in the IPO. VOL is the market-adjusted volatility of the IPO stock return, the standard deviation of daily returns to the IPO stock in trading days 22 through 63 after the IPO minus the standard deviation of daily returns to the CRSP equal-weighted market index during the same period. NYSE equals one if the IPO firm will be listed on the New York Stock Exchange, and zero otherwise. NMS equals one if the IPO firm will be listed on the Nasdaq National Market System, and zero otherwise. AMEX equals one if the IPO firm will be listed on the American Stock Exchange, and zero otherwise. MKT is the return to the CRSP equal-weighted portfolio of NYSE, Amex, and Nasdaq-listed stocks for the period between the filing date and the offering date for the IPO. MKT + is the return to the market MKT when it is positive, and zero otherwise. The estimates in column (1) are based on the common regression sample of 3,592 firms with complete data. Columns (2) and (3) show estimates of the means in the sample of cases where data are missing for some other variable so they are not included in the regression analysis, with a t-statistic testing whether the difference from the regression sample is reliably different from zero using White's (1980) heteroskedasticity-consistent standard errors. Column (4) shows the size of the incomplete data sample. Column (5) shows the proportion of observations for each year from 1985-97 for the cases in the regression sample. Column (6) shows the proportion of observations for each year from 1985-97 where data are missing for some other variable so they are not included in the regression analysis, with a t-statistic testing whether the difference from the regression sample is reliably different from zero.
(1) (2) (3) (4) (5) (6) Table 2 Firm and Deal Characteristics That Predict Price Updates Between the Initial Filing and the IPO, 1985-97 Regression models for the percentage change between middle of the range of prices in the initial registration statement and the offer price, ∆P, using SDC data from 1985-97. RANK is the underwriter rank, from Carter, Dark, and Singh (1998) . TECH equals one if the firm is in a high tech industry [biotech, computer equipment, electronics, communications, and general technology (as defined by SDC)], and zero otherwise. TA equals the logarithm of real total assets (1983 dollars) before the IPO. SHRS is the logarithm of millions of shares filed in the IPO. NYSE equals one if the IPO firm will be listed on the New York Stock Exchange, and zero otherwise. NMS equals one if the IPO firm will be listed on the Nasdaq National Market System, and zero otherwise. AMEX equals one if the IPO firm will be listed on the American Stock Exchange, and zero otherwise. VOL is the market-adjusted volatility of the IPO stock return, the standard deviation of daily returns to the IPO stock in trading days 22 through 63 after the IPO minus the standard deviation of daily returns to the CRSP equal-weighted market index during the same period. The tstatistics use White's (1980) heteroskedasticity consistent standard errors. R 2 is the coefficient of determination, adjusted for degrees of freedom. S(u) is the standard error of the regression. The sample size is 3,592 observations. Fama-MacBeth (1973) estimates are an average of the year-byyear regression coefficients and the t-statistics are based on the standard deviation of the time-series of coefficient estimates. R 2 is the average coefficient of determination across the yearly regressions. For the Fama-MacBeth estimates, R 2 is average of the yearly coefficients of determination.
Pooled
Fama Regression models for the percentage change between middle of the range of prices in the initial registration statement and the offer price, ∆P, using SDC data from 1985-97.
MKT is the return to the CRSP equal-weighted portfolio of NYSE, Amex, and Nasdaq-listed stocks for the period between the filing date and the offering date for the IPO. MKT25%, MKT50%, and MKT75% are market returns for the last 25%, 50%, and 75% of the filing period, ending the day before the IPO.
The sample in Panel A includes the 554 firms for which the exact date of the filing containing the initial price range (which sometimes occurs in amended filings after the initial IPO registration) could be determined from EDGAR during 1996-97. MKTMATCH is the return to the market from the day that the initial pricing range is revealed to the day before the IPO. Regression models for the percentage change between the middle of the range of prices in the initial registration statement and the offer price, ∆P, using SDC data from 1985-97.
MKTK is the return to the CRSP equal-weighted portfolio of NYSE, Amex, and Nasdaqlisted stocks for K trading days before the IPO. The sample includes the 4,919 firms with price update information available from SDC between 1985-97. The t-statistics use White's (1980) heteroskedasticity-consistent standard errors. R 2 is the coefficient of determination, adjusted for degrees of freedom. Fama-MacBeth (1973) estimates are an average of the year-by-year regression coefficients and the t-statistics are based on the standard deviation of the time-series of coefficient estimates. Regression models for the percentage change between the middle of the range of prices in the initial registration statement and the offer price, ∆P, using SDC data from 1985-97.
XK i is the weekly (WK i ) or monthly (MK i ) market return for the K th week or month before the IPO. Each weekly return is measured using 5 trading day returns and each monthly return is measured using 20 trading day returns of the CRSP equal-weighted portfolio of NYSE, Amex, and Nasdaq-listed stocks. Regression models for the percentage change between the middle of the range of prices in the initial registration statement and the offer price, ∆P, using SDC data from 1985-97. RANK is the underwriter rank, from Carter, Dark, and Singh (1998) . TECH equals one if the firm is in a high tech industry [biotech, computer equipment, electronics, communications, and general technology (as defined by SDC)], and zero otherwise. TA equals the logarithm of real total assets (1983 dollars) before the IPO. SHRS is the logarithm of millions of shares filed in the IPO. NYSE equals one if the IPO firm will be listed on the New York Stock Exchange, and zero otherwise. NMS equals one if the IPO firm will be listed on the Nasdaq National Market System, and zero otherwise. AMEX equals one if the IPO firm will be listed on the American Stock Exchange, and zero otherwise. VOL is the market-adjusted volatility of the IPO stock return, the standard deviation of daily returns to the IPO stock in trading days 22 through 63 after the IPO minus the standard deviation of daily returns to the CRSP equal-weighted market index during the same period. MKT50 is the return to the CRSP equal-weighted portfolio of NYSE, Amex, and Nasdaq-listed stocks for 50 trading days before the IPO. MKT50
+ is the return to the market MKT50 when it is positive, and zero otherwise. The t-statistics use White's (1980) heteroskedasticity consistent standard errors. R 2 is the coefficient of determination, adjusted for degrees of freedom. S(u) is the standard error of the regression. The sample size is 3,592 observations. Fama-MacBeth (1973) estimates are an average of the year-by-year regression coefficients and the t-statistics are based on the standard deviation of the time-series of coefficient estimates. For the Fama-MacBeth estimates, R 2 is average of the yearly coefficients of determination. Table 7 Firm and Deal Characteristics That Predict Initial Returns to IPO Investors, 1985-97 Regression models for the percentage change between the offer price and the secondary market trading price, IR, using SDC data from 1985-97. RANK is the underwriter rank, from Carter, Dark, and Singh (1998) . TECH equals one if the firm is in a high tech industry [biotech, computer equipment, electronics, communications, and general technology (as defined by SDC)], and zero otherwise. TA equals the logarithm of real total assets (1983 dollars) before the IPO. SHRS is the logarithm of millions of shares filed in the IPO. NYSE equals one if the IPO firm will be listed on the New York Stock Exchange, and zero otherwise. NMS equals one if the IPO firm will be listed on the Nasdaq National Market System, and zero otherwise. AMEX equals one if the IPO firm will be listed on the American Stock Exchange, and zero otherwise. VOL is the market-adjusted volatility of the IPO stock return, the standard deviation of daily returns to the IPO stock in trading days 22 through 63 after the IPO minus the standard deviation of daily returns to the CRSP equal-weighted market index during the same period. The t-statistics use White's (1980) heteroskedasticity consistent standard errors. R 2 is the coefficient of determination, adjusted for degrees of freedom. S(u) is the standard error of the regression. The sample size is 3,592 observations. Fama-MacBeth (1973) estimates are an average of the year-by-year regression coefficients and the t-statistics are based on the standard deviation of the time-series of coefficient estimates. For the Fama-MacBeth estimates, R 2 is average of the yearly coefficients of determination. Regression models for the percentage change between the offer price and the secondary market trading price, IR, using SDC data from 1985-97. RANK is the underwriter rank, from Carter, Dark, and Singh (1998) . TECH equals one if the firm is in a high tech industry [biotech, computer equipment, electronics, communications, and general technology (as defined by SDC)], and zero otherwise. TA equals the logarithm of real total assets (1983 dollars) before the IPO. SHRS is the logarithm of millions of shares filed in the IPO. NYSE equals one if the IPO firm will be listed on the New York Stock Exchange, and zero otherwise. NMS equals one if the IPO firm will be listed on the Nasdaq National Market System, and zero otherwise. AMEX equals one if the IPO firm will be listed on the American Stock Exchange, and zero otherwise. VOL is the market-adjusted volatility of the IPO stock return, the standard deviation of daily returns to the IPO stock in trading days 22 through 63 after the IPO minus the standard deviation of daily returns to the CRSP equal-weighted market index during the same period. MKT50 is the return to the CRSP equal-weighted portfolio of NYSE, Amex, and Nasdaq-listed stocks for 50 trading days before the IPO. MKT50
+ is the return to the market, MKT50, when it is positive, and zero otherwise. ∆P is the price update between the middle of the range of prices in the initial registration statement and the offer price. ∆P + is the price update when ∆P is positive, and zero otherwise. The tstatistics use White's (1980) heteroskedasticity consistent standard errors. R 2 is the coefficient of determination, adjusted for degrees of freedom. S(u) is the standard error of the regression. The sample size is 3,592 observations. Fama-MacBeth estimates are an average of the year-by-year regression coefficients and the t-statistics are based on the standard deviation of the time-series of coefficient estimates. For the Fama-MacBeth estimates, R 2 is average of the yearly coefficients of determination. Variable   RANK  TECH  TA  SHRS  NYSE  NASDAQ  AMEX  VOL 
